The magnetic dipole moments of states in mirror pairs of the sd-shell nuclei 
I. INTRODUCTION
Our goal in this study is to extract empirical values of the single-particle matrix elements of the Gamow-Teller (GT) and magnetic dipole (Ml) operators from a set of interrelated nuclear data. We concentrate on sd-shell nuclei which are removed by two or more nucleons from the A = 16 and 40 major shell closures and on states for which the isovector and/or isoscalar magnetic dipole moments are available. We are particularly concerned with those examples for which both isovector Ml and GT data can be obtained for the same (in the sense of isospin symmetry) nuclear state.
We interpret our chosen data in the context of shellmodel wave functions whose dimensions span all Odz&2-ls i~2-Od3/p configurations. From these wave functions we calculate for each nuclear state ATJ in our data set the five isovector and/or five isoscalar matrix elements of the M =1+ one-body operators of the model space. The appropriate sums of the products of these N body matrixelements with the single-particle matrix elements of the M1 and GT operators yield total matrix elements which should correspond to experimental values. We extract the empirically best values of the single-particle matrix elements from least-squares fits of the linear combinations of the N-body shell-model matrix elements to the experimen- tal values. This analysis should produce information about these single-particle matrix elements which is analogous to what can be obtained from the simpler analyses which are possible for the data of the "single-particle" and "single-hole" (in the context of the usual shell-model assumptions)
states of 3=17 and 39, respectively. In the conventional assumption of shell closures at A=16 and 40 (which we also utilize in the present work) each relevant experimental value from A=17 and 39 can be related to only one single-particle matrix element of the appropriate operator, rather than five.
At the least, the results of our present analysis of data from A=18 to 38 will provide independent alternative values against which to compare the values obtained from A = 17 and 39 and, as well, provide new information about terms which cannot be measured in these systems. At best, this analysis of multiparticle data may provide results which are less subject to nuclear-madel uncertainties than are those obtained from the single-particle systems. Idiosyncrasies in either the data or the theory will be averaged out to some degree by virtue of the larger sampling of states available from the "interior" of the shell. Moreover, the descriptions of these multiparticle states appear to be relatively free from the uncertainties associated with the "intruder state" contaminations which arise from many-particle, many-hole excitations across the nominal shell boundaries.
The empirical values for the single-particle matrix elements of the Ml and GT operators which we deduce from the present analysis are to be viewed in comparison with the values which are obtained by assuming that the "nu- The essence of our approach is the assumption that "good" configuration-mixing shell-model calculations for Ml and GT phenomena, when combined with the freenucleon parametrizations of these operators, should account for much of the detail observed in the variation from state to state of the relative sizes of the magnetic moments and Gamow-Teller strengths and, more qualitatively, for their average absolute magnitudes.
This assumption has been validated in a series of extensive studies. ' We then follow this initial assumption with the assumption that the residual discrepancies between these shell model predictions and the experimental values are properly removed by the introduction of essentially stateindependent perturbative corrections to the specifications of the M1 and GT operators or, equivalently, to their single-particle matrix elements.
It should be noted that these perturbative corrections also can give rise to effective many-body M1 and GT operators within the model space. We ignore such effects to the extent that they cannot be encompassed within a smooth mass dependence of the parameters. The sizes and importance of these explicit many-body effects which are inferred from our ana1ysis and from calculations will be discussed in Sec. VI.
The antecedents of the present study are the pioneering papers of Wilkinson ' and their subsequent elaborations by Brown, Chung, and Wildenthal. ' Several different sets of data on GT beta decay and magnetic dipole moments were used in these previous investigations, in con For the Ml moments, the coefficient in Eq. (1) is given by the 3-j symbols J 1 J T AT T (12) 5(»j ) = &jll5opllj'&/&jlls I I j'& .
From Table I , we obtain the general results 
5(++
In particular, for the sd shell d-d matrix elements
In Eq. (10) 'Theoretical values obtained with the 5 parameters from the A = 18 -38 mass-dependent fit {see Table IV) . Theoretical values obtained with the parameters 5, =5I --5~= 0.
'Not included in the least squares fits because of large experimental error. Tables II and III . Table IV 
where~=1 for the IS matrix elements and~=~z for the IVM1 and GT matrix elements. The quantity gJ/g, is equal to 0, 0.106, and 0 for IS, IVM1, and GT, respectively. The five sd-shell matrix elements involving the S, L, and P operators are listed in Tables II and III for The experimental data we consider are generally known to much greater precision than can be calculated, and hence, they were given equal weight in the fits. The uncertainties we assign to our extracted correction parameters are determined in the usual way, by assigning a fictitious error to the experimental data such as to give a reduced chi-square of unity.
We initially made fits to the data in which all five of the 5 parameters in Eq. (11) Table V) . With these motivations, we reduced the fits to ones in which only four, rather than five, parameters are varied by combining the P(d-d) and P(s d) term-s into a single "P" term:
The rms deviations obtained in the four-parameter fits (see Table IV Fig. 1 ). This experimentally observed quenching with increasing A (see also Fig. 1 Fig. 1 ). The A-dependent corrections 5,(GTp-s) and 5, (GT,d-d) Table V ). In addition to the above corrections, one could consider, for example, local state-dependent 4p-4h CM corrections. In the following sections we will discuss some individual points about the comparisons made in Tables IV -VI and in Fig. 1 'The orders are denoted by: "1st" for the 1st-order isobar-nucleon-hole calculation, "RPA" for the isobar-nucleon-hole calculation in the random-phase approximation, and "RPA + CP" includes on top of the RPA series higher order nuclear core-polarization corrections (the row labeled 5 in Table V of the sd shell (see Table II and Fig. 1 ). This can be seen by using Eq. (15) i)=(1 -a )'~~i ,sd)+a~i, R) . Since (i,sd~Sz~i,R ) = 0, the spin expectation value is given by (~i Sz i s ) = (1 -a ) (s,sd ( Sz [ i,sd ) +a'(i, R (Sz )i,R ) .
If we assume that a and (i,R i Sz i i,R ) are state and mass independent, then an A=18 -38 fit to these quantities gives a =0.30(4) and (i,R~Sz~i,R) =0.29 (7) with an rms of 0. Table IV 
It is interesting to compare this to the result obtained with the prescription of Oset and Rho. The Oset-Rho prescription is based on the observation that for the triton beta decay the contributions from the corrections which involve the tensor correlations (most of the contributions from the rows labeled 2, 5, and 8 in Table V) tend to can-I cel.
In the Towner-Khanna calculations this cancellation also tends to occur for A =3 (see Table 7 of Ref. 1).
It has been hypothesized that this cancellation persists in heavier nuclei. ' * Leaving out the contributions from the rows labeled 2, 5, and 8 in Table V, The disagreement between the totals of Eqs. (26) and (27) means that there is not much cancellation between the omitted terms in this case.
In addition one can make the comparisons using the Oset-Rho (OR) interaction for the isobaric-current calculation (IC,OR) (see Table VI Tables II and III and Fig. 1 
